UNITARY METAL STRUCTURE MEMBER WITH INTERNAL . . . 
Kevin Rotheroe 

Greer, Burns & Crain, Ltd. (Steven P. Fallon) 




fXCl 



UNITARY METAL STRUCTURE MEMBER WITH INTERNAL . . . 
Kevin Rotheroe 

Greer, Burns & Crain, Ltd. (Steven P. Fallon) 




fac.3 



UNITARY METAL STRUCTURE MEMBER WITH INTERNAL... 
Kevin Rotheroe 

Greer, Burns & Crain / Ltd. (Steven P. Fallon) 
Ref. No. 1830.66026 

Sheet 4 of 22 (312) 360-0080 





UNITARY METAL STRUCTURE MEMBER WITH INTERNAL . . . 
Kevin Rotheroe 

Greer, Burns & Crain, Ltd, (Steven P. Fallon) 
Ref. No. 1830.66026 

Sheet 7 of 22 (312) 360-0080 



FIG. 8 



Manufacturing Processes for^tructural Metal Component s) 




I 1 Process with Capacity to Produce Complexly-Shaped Solid Components. 

I I Process with Capacity to Produce Complexly-Shaped Tubular as well as Solid Components. 

I i I Process with Capacity to Produce Complexly-Shaped Tubes with Very Limited Internal Features. 

I | Process with Capacity to Produce Complexly-Shaped Tubes with Extensive Internal Features. 

I I Process with No Capacity to Produce Complexly-Shaped Solid or Tubular Components. 
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Fundamental Computer-Aided Manufacturing Processes 
for Complexly-Shaped Metal Structural Components: 
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Direct Production Processes: 
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Direct Expendable Mold Processes (Direct Tooling): 
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Indirect Expendable Mold Processes: 
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Direct Permanent Mold Production Processes: 
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tfp fe: Permanent mold processes have the capacity to produce 
free/arm metal tubes if sand cores are used, -which is an established 
method. As with other pattern & mold-based processes, the capacity 
to produce internal features is limited by pattern or product removal. 
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Direct Permanent Die Production Processes: 
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Indirect Permanent Die Production Processes- 
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Representational Solid Model Created (1) 



Digital Structural Analysis 



Alloy Specification 



Casting Simulation Analysis - 



Production Solid Modef Created , (2) 



Export Data to SFF Software | [ Expert Pata to CAM Software 



Generate Cr-Code 



Post Processing & Hand Finishing 



Assembly of Pattem(s) as Required 



CNC Machining of (Wax* 

V 



Patterns, Gates and Risers Attached to Tree 



Repeated Steps for Ceramic Mold Creation (3): ] 



1 . Tree dipped in ceramic slurry & drained 

2. Tree coated w/flne sand/stucco mixture 

3. Dipped & coated pattern tree air dried 





tiefeSlelted or Burned Out (4)!f|? 







Metal Casting: Molten Metal Poured into Ceramic Mold < 



Solidification and Cooling. 



Shakeout: Manual/Mechanicai/Chemical Mold Removal 
X 




Completed Complexly-Shaped Metal Component ( 



(Pre)Fabricate Tree, 
Gates, Runners & 
Pouring Basin 



Melt Alloy 



Process Classification 



& &%r% CAD Process. 

mmm\ CAM Process. 

I : I Data Exchange. 

I I Manual Activity. 

I I Automated or 

Manual Process. 



Manually-Operated 
Machine Process. 

===== Secondary Supporting 
Manufacturing Process. 
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Components for Prototype No. 2 Designed in Pro/Engineer R.20 , 



Solid Models of Patterns Created in Pro/Engineer &2Q | 



Pattern Assembly Digitally Verified 
I Z 



Highest Possible Resolution STL Files Exported 



| STL Files Imported into 2402 ^Dimensional Printer 



Powder Removal from 'Green* Patterns 



Resin Impregnation of Patterns 



Hand Sanding of Patterns 



Gating Design (sprues, runners, gates & risers) by Foundry Engineer 
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Patterns for Gates, 
Sprues, Runners, 
Risers & 

Pouring Basin 



Assembly of Gating onto Patterns 
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Repeated Steps for Ceramic Mold Creation p): 



1. Pattern dipped in ceramic slurry & drained. 

2. Pattern coated w/fine sand/stucco mixture. 

3. Dipped & coated pattern air dried. 
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Process Classification 
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Casting: Molten Aluminum Ladled into Ceramic Mold 
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Solidification and Cooling (Water-Assisted) 
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Shakeout: Manual Removal of Ceramic Shell 



Supporting 
Production 
Process. 



| Visual, Radiographic and Dye-Penetrant Inspection [ 
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| Completed Prototype No. 2 356 Aluminum Castings" 
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, Representational Solid Model of Component Created* 



Digital Structural Analysis - 



> | Alloy Powder Specification | 



Qistqrtidn Malysis* - - 



T I 

H Production Solid Model Of Com ponent Created , ,, 



STL Data Exported & Imported into SFF Software 



SFF of Metal Component Using SLS 




SFF of Metal Component Using 3D Printing 


Steps Repeated for Each Uver; 
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Sinter Green Part in Reducing Atmosphere Furnace , Creating Porous Steel Skeleton about 60 % Dense, 



Furnace Infiltration of Molten Bronze (4Q%) 



Process Classification 



Machining or EDM as Specified for Connective Interfaces 



Visual & Radiographic Inspection as Specified 



3 CAD /CAE Process 



[YM'Ml^h CAM Process 
j Data Exchange. 
I Manual Activity 



Finishing Operations as Spe cified 
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Completed Complexly-Shaped Metal Component 



\ Automated Process 

(Typically) 
- » \ Manually-Operated 

Machine Process 
= Secondary Supporting 

Manufacturing Process 



